Introduction: Curve fitting or estimation by nonlinear least squares is a difficult task. There are two types of algorithm that are often used for this purpose: those that need evaluation of derivatives and the others that do not. In the first category we have GaussNewton, Levenberg-Marquardt and Fletcher-Powell, Fletcher-Reeves, Rosen, QuasiNewton, etc while in the second category we have Powell, Rosenbrock, Hooke-Jeeves, Nelder-Mead and Box, etc (see Kuester and Mize, 1973) . All of them are very prone to be caught into local minimum trap. Recently, some methods of global optimization have been developed that are based on some sort of stochastic process. The method of Differential Evolution (Storn and Price, 1995) is perhaps the most promising among them. In developing this program we have used DE as an optimizer of the nonlinear least square function. The DE is an evolutionary, population-based, algorithm; a development on the Genetic Algorithm. The DE as a method of optimization has been well tested on many extremely difficult multi-modal problems of nonlinear optimization (see at
Then the program NLINLS may be copy-pasted from the source file (that may be in the text file such as NLINLS.txt) to the FORCE editor and saved as NLINLS.f. However, if you have obtained this program as NLINLS.f then after installing the Fortran compiler you may directly double click it. It will be taken up by FORCE automatically.
The first step in using the program is to make a text file (for example, HOUGEN.TXT in which data, note -only data, the colored portion -are to be stored in the scheme exemplified in the left panel). The sequence of columns is sl no., x 1 , x 2 , …, y.
Please note that the data file and the NLINLS.f should be saved in the same folder (directory) to avoid typing long paths afterwards. However, this is only a suggestion.
The user of NLINLS program has to specify the parameters, bounds (limits) on them as well as the function to be fitted to data. This is done in the last subroutine of the program: REGFUNC. It has been specifically mentioned in the REGFUNC as to what is to be modified in the program and what is not be altered. Only three sets of changes are needed: (1) defining the set of parameters; p1 = p(1), p2 = p(2), etc depending on the problem; (2) defining the set of variables, x1 = datum(i, 1), x2 = datum(i, 2), …, y = datum(i, last), for example, in the Hougen problem x1 = datum(i, 1), x2 = datum(i, 2), x3 = datum(i,3), y = datum(i, 4); and finally, (3) defining yx in terms of p and x, such that in the Hougen problem the function is defined as yx = (p1 * x2 -x3 / p5)/(1.d0 + p2 * x1 + p3 * x2 + p4 * x3). Almost never one would require changing FORMAT(I5, 2F25.12), but one may change it if (at all) needed.
Once the changes in the program are made, it may be saved and compiled or even run directly. If no error has been committed in changing/redefining as advised above, the program will run. While it runs, the program asks for several inputs from the user. The program issues clear instructions to be (normally) followed.
1. "If help is needed ….." : The user (who has read this help document) will not possibly gain anything by feeding a non-zero number. So he/she should type 0 and strike the Enter key. 2. "Feed the name of input file …" : As has been advised above, the user is ready with the input data file, for example, in mydata.txt named file. He/she may type it and strike the Enter key. 3. "Number of observations and variables …": The user should type the number of variables (e.g. 13 in the Hougen problem above) and the number of variables (including y) in the problem (e.g. 4 in the Hougen problem above). Then strike the Enter key. His/her input from the keyboard will be 13, 4 Enter. 4. "No. of parameters to be estimated" : It is the number m in p1, p2, … , Pm. For the Hougen problem it is 5. Input 5 and Enter. 5. "Would you specify any limits … ": If the user has to specify some bounds (limits) on the values of parameter, he/she should type an integer number other than zero (0), e.g. 2, 3 or 4, etc and Enter. But if he/she has not to specify any bounds, he/she should type 0 and Enter. 6. If the user has chosen to provide bounds on the parameter, then he/she will be asked to provide those (lower and upper limits). 7. Specify the [lower upper, lower upper …" : The user may specify them. For example, the lower upper bound on the parameters of the Hougen problem above may be given as -10 10, -10 10, -10 10, -10 10, -10 10 Enter 
WRITE(*,*)'***************************************************** WRITE(*,*)'COMPUTING. PLEASE WAIT. LARGER PROBLEMS TAKE MORE TIME' WRITE(*,*)'******************************************************' WRITE(*,*)' ' WRITE(*,*) 'PROBLEM=',KF,' ',FTIT Page 2 NLINLS WRITE(*,*) ' ' WRITE(11,*)'************* INTERMEDIATE RESULTS ***************' WRITE(*,*)'************* INTERMEDIATE RESULTS ***************' IPCOUNT=0 DO 100 ITR=1,ITER ! ITERATION BEGINS 
CALL RANDOM(RAND) C -----------------------------------------------------------------
NL=N IF(IPRES.GT.0) THEN IF(RAND.GT.0.10D0) THEN NL=N ELSE NL=INT(0.5*N) ENDIF ENDIF C -----------------------------------------------------------------
C ----------------------SCHEME 1 ----------------------------------C NO CROSS OVER, ONLY REPLACEMENT THAT IS PROBABILISTIC IF(NCROSS.LE.0) THEN DO J=1,M ! J LOOP BEGINS CALL RANDOM(RAND) IF(RAND.LE.PCROS) THEN ! REPLACE IF RAND < PCROS Page 4 NLINLS A(J)=X(IR(1),J)+(X(IR(2),J)-X(IR(3),J))*FACT + * (X(IR(3),J)-0.5D0*X(IR(4),J)-.5D0*X(IR(1),J))*FACT1! CANDIDATE CHILD ENDIF ENDDO ! J LOOP ENDS ENDIF C -----------------------SCHEME 2 ---------------------------------C
THE STANDARD CROSSOVER SCHEME C CROSSOVER SCHEME ( 
-----------------------SCHEME 3 --------------------------------C ESPECIALLY SUITABLE TO NON-DECOMPOSABLE (NON-SEPERABLE) FUNCTIONS C CROSSOVER SCHEME (NEW) SUGGESTED BY KENNETH PRICE IN HIS

----------------------------------------------------------------CALL SETFUNC(A,M,F) ! EVALUATE THE OFFSPRING IF(F.LT.FV(I)) THEN ! IF BETTER, REPLACE PARENTS BY THE CHILD FV(I)=F
'-----------------------------------------------------' WRITE(11,*)'-----------------------------------------------------' 101
----------------------------------------------------------------WRITE(11,*)' '
WRITE(11,*)'********** FINAL RESULTS ***************' 
